A pair of glasses transforms the world for someone with myopia. Smudgy blurs in the distance resolve into trees with leaves dancing in a breeze, and featureless walls emerge as precisely stacked courses of bricks. Two simple lenses bring it all into focus. Gaining focus within a cell is not so simple. Take DNA, for example. Legendary experiments from the 1950s showed us the two strands. Milestone work through the years revealed the DNA-wrapped histone octamer, fibers, loops, and DNA-rich compartments within the nucleus (reviewed in Sexton and Cavalli, 2015 and Zhu and Li, 2016) . Gaining focus on these entities required ''lenses'' of different sorts; no one technique would do. With all that's known about how DNA is constructed, how it interacts with proteins, and how it packs within nuclei, it's hard to image that we need better spectacles to understand chromatin and chromosomes. Yet recent advances have sharpened our view on how chromatin architecture contributes to gene expression.
The word ''nucleosome'' almost immediately conjures the classic image of evenly spaced nucleosomes in a ''beads on a string'' level of chromatin organization. Recent work from Nozaki et al. (2017) using super-resolution approaches and dynamic tracking finds that nucleosomes can bunch together and exhibit coherent dynamics. Bunching depends on nucleosomes interacting with one another. Heterochromatic regions have a high degree of bunching, while actively transcribed regions show less. The degree of bunching also reflects local dynamics with abundant nucleosome-nucleosome contacts, occurring through space, restricting motion. Active regions show greater movement. Thus, the chromatin state, including the presence or absence of histone modifications and DNA stabilizing proteins like cohesin, reflects dynamic behavior. These bunches reveal, at the hundreds of nanometers scale, organization emerging from nucleosome-nucleosome interactions.
Cryoelectron tomography (cryo-ET) also captures spatial information about chromatin organization in cells. Proteins and membranes are the most frequent subjects for cryo-ET, as DNA has been difficult to visualize. Ou and colleagues (Ou et al., 2017 ) combined a photochemical treatment with osmium contrast in cryo-ET to enhance visualization of DNA within the nuclei of human cells. The new technique brought DNA into focus. Chromatin wends its way through the nucleus, bending and twisting. The strands show higher density near the periphery, consistent with the bunching results. The textbook model for DNA packing in the nucleus moves from nucleosome arrays to nanometer scale fibers, and while these weren't visualized in the human cells studied, they could be seen in chicken erythrocytes under certain conditions. Looking at local polymer properties in human mitotic and interphase cells revealed extensive heterogeneity seen as bendability in the chromatin path. Rather than the conventional progression from DNA duplex to nucleosomal arrays to fiber to densely compacted chromosome, the authors suggest a model for packing that allows for regions of different density and pliability to facilitate packing, rather than an obligate assembly step into a 30 nm fiber. It's a case where getting to see inside a cell challenges our models and will undoubtedly spark new experiments to test this folding proposition.
Until we can visualize the full scope of dynamic DNA function directly, there will be a heavy reliance on more indirect approaches. The now-ubiquitous ''C'' methods allow inference of chromatin structure based on recovery and analysis of DNA sequences that were ''captured'' while close in space. Proximity serves as a constraint for projecting back to what specific sequences could come into close quarters in three dimensions, regardless of their arrangement along the linear chromosome. There are, however, technical limitations to the different steps involved in the different varieties of chromosome conformation capture. In an effort to more clearly see how regions of chromatin interact, Ana Pombo and her colleagues (Beagrie et al., 2017) literally started slicing up murine cells. Using an ultrathin sectioning approach, they could analyze DNA fragments found in a geographically narrow region, which had a greater likelihood of physically interacting than DNAs from two separate sections. Looking at contacts that formed during gene expression, they found that not only do enhancers contact promoters of active genes, but the regulatory regions also make contact along gene bodies. Strikingly, superenhancers favor interacting with other superenhancers and active topologically associated domains (TADs). Thus, these larger-scale regulatory regions help organize chromatin beyond the level of TADs and lamina contacts.
Like turning the focus knob on a microscope or getting a new prescription from the ophthalmologist, these new approaches show us levels of detail that we've been missing. DNA, you're looking good.
